Chromosomal inversions allow genetic divergence of locally adapted populations by reducing recombination between chromosomes with different arrangements. Divergence between populations (or hybridization between species) is expected to leave signatures in the neutral genetic diversity of the inverted region. Quantitative expectations for these patterns, however, have not been obtained. Here, we develop coalescent models of neutral sites linked to an inversion polymorphism in two locally adapted populations. We consider two scenarios of local adaptation: selection on the inversion breakpoints and selection on alleles inside the inversion. We find that ancient inversion polymorphisms cause genetic diversity to depart dramatically from neutral expectations. Other situations, however, lead to patterns that may be difficult to detect; important determinants are the age of the inversion and the rate of gene flux between arrangements. We also study inversions under genetic drift, finding that they produce patterns similar to locally adapted inversions of intermediate age.
INTRODUCTION
Chromosomal inversions have been important to evolutionary biology for decades (reviewed in [1, 2] ). As genetic markers, inversions have served the study of balanced polymorphisms [3] , geographical clines [4] and meiotic drive [5] . Perhaps, the most important property of chromosomal inversions is their potential to create reproductive isolation. The observation of polymorphisms within species and fixed differences between closely related species led to the suggestion that chromosomal rearrangements play a causative role in speciation [3, 4] . Heterokaryotypic individuals (chromosomal heterozygotes) of some species have problems in meiosis that could generate a reproductive barrier between populations fixed for different arrangements. Based on this feature, White [6, 7] proposed his 'stasipatric' mode of speciation in which inversions drive reproductive isolation. That hypothesis, however, relies on strong assumptions about population structure, genetic drift and/or alternative forces (such as meiotic drive) to account for the spread of underdominant inversions [8, 9] . Moreover, not all inversions are structurally underdominant [10] , rendering them useless as reproductive barriers.
Alternatively, inversions can facilitate speciation because they are potent recombination modifiers [11] [12] [13] . Recombination in heterokaryotypes is severely reduced, causing associations between sets of alleles inside of the inversion [14, 15] . For this reason, alternative chromosomal arrangements can play a key role in facilitating speciation. When alternative arrangements have been established in diverging populations, they may protect the inverted region from introgression and allow the accumulation of alleles that contribute to reproductive isolation [11, 12, 16] . Their effects on recombination may also be key to how inversions become established in the first place. Dobzhansky [3] suggested that inversions evolve because they reduce recombination between genes with epistatic interactions. Even without epistasis, local adaptation can favour reduced recombination between alleles adapted to the same habitat or genetic background [17, 18] . Migration or hybridization is essential in this process: inverted chromosomes gain a fitness advantage because they keep locally adapted alleles together. By reducing recombination, inversions preserve the divergence between populations in the presence of gene flow, which can set the stage for speciation [19] . The hypothesis that reduced recombination in inversions plays a role in speciation is consistent with some lines of empirical evidence [20] [21] [22] [23] .
Intuition suggests that these different mechanisms that might drive the evolution of inversions will leave distinctive signatures in the DNA. For example, if an inversion spread because it carried favourable alleles, two key patterns might be expected. First, neutral genetic diversity within chromosomal arrangements is likely to be low when compared with the divergence between them. Second, marked peaks of divergence might be found around the breakpoints and at sites close to the selected loci. Patterns consistent with these predictions have been found in Drosophila pseudoobscura [24] , Rhagoletis pomonella [25] and Anopheles gambiae [26] . Evidence for selection on loci inside the inversion has also been inferred from strong linkage disequilibria between the inversion and genetic markers putatively linked to selected genes (e.g. in Drosophila melanogaster [27] ).
Selection could also target inversions directly, rather than alleles that they carry. The breakpoints of an inversion alter the DNA sequence and may be targets of selection by changing reading frames or expression patterns [28] [29] [30] . We expect that direct selection on the breakpoints will produce divergence between arrangements but no additional peaks of divergence inside of the rearranged region. This is the pattern seen in the inversion polymorphism O 3þ4 /O ST in Drosophila subobscura, which has strong geographical clines suggestive of selection and high divergence between arrangements throughout the length of the rearrangement [31] . In other cases, however, no apparent signature of selection has been found (e.g. in Anopheles funestus [32] and A. gambiae [33] ). These previous observations suggest that patterns can be found in linked neutral genetic data, but also highlight the fact that we do not have quantitative predictions for those patterns that would enable tests of alternative hypotheses.
When are inversions expected to hold neutral divergence between chromosome arrangements? Reduced recombination in heterokaryotypes decreases the rate at which a gene lying within an inversion moves onto a standard chromosome, and vice versa. This gene flux between chromosome arrangements (a result of double recombination events and gene conversion [34, 35] ) has genetic consequences that are similar to migration between populations. Consequently, inversions are expected to show some of the same patterns of neutral genetic diversity seen in subdivided populations. Using a coalescent approach, Navarro et al. [36] found that an inversion maintained by selection as a balanced polymorphism in one population will show reduced diversity for a substantial period (less than N generations) after it becomes established. Divergence between the two arrangements is also expected to accumulate with time, especially near the breakpoints where the gene flux rate is very strongly reduced. Although this result suggests that inversions under direct divergent selection would show similar patterns, no expectations have been obtained for inversions that carry loci under divergent selection. We also lack predictions for a basic null model of neutral inversions.
Motivated by these gaps in the theory, and with the aim of developing expectations for the patterns observed in nature, here we develop coalescent models of chromosomal inversions. We consider two populations that exchange migrants or hybridize; these could be diverging populations of a single species or two hybridizing species (in either primary or secondary contact). We assume that this genetic exchange has been going on for a long period. Our results therefore do not apply to cases of recent secondary contact, although the models could be adapted to study that situation.
We consider three alternative scenarios. The first we refer to as locally adapted breakpoints. Here, the chromosomal lesion caused by an inversion is under selection with opposing direction in two populations that exchange migrants. Local adaptation might result from different environmental conditions experienced by the two populations or hybridizing species. Alternatively, it could result from interactions with genetic differences between the populations at other parts of the genome. Our second model is of locally adapted alleles segregating at loci within an inversion. Motivated by the model of Kirkpatrick & Barton [18] , this scenario considers an inversion that has spread in one of two populations because it captures two alleles that are locally adapted. Both of these first two models are relevant to discussions about the roles the inversions play in genetic isolation between species. Our third model is of a selectively neutral inversion that has spread by random genetic drift. This model provides an appropriate null model for comparison with the first two models. Perhaps surprisingly, we find that drift can generate patterns that resemble those resulting from the first two models.
Our aim is to provide intuition for the patterns of neutral diversity around inversions in divergent populations. We therefore focus on the expected coalescence time at a selectively neutral site for a pair of chromosomes; this quantity is proportional to the expected neutral genetic diversity or divergence [37] .
MODELS AND RESULTS
We are interested in the coalescent patterns of neutral sites (e.g. a nucleotide or a microsatellite) in a chromosome region that is polymorphic for an inversion. There are two chromosome arrangements that we refer to as standard (S) and inverted (I ). In homokaryotypes, the rate of recombination between the breakpoints (that is, the map length of the inversion) is r. Gene flux, denoted f, is defined as probability that a gene in a heterokaryotype recombines from a standard chromosome to an inversion or vice versa (by double recombination or gene conversion). We consider two populations of equal and constant size N. Mating within each population is random, and deviations from Hardy -Weinberg equilibrium are assumed negligible. Migration (or hybridization) between the populations occurs at rate m, and we assume that rate has been constant for much longer than N generations. Selection favours arrangement S in population 1 and arrangement I in population 2. The polymorphism is maintained such that the rare (disfavoured) arrangement is at frequency q in each population. We begin by assuming the inversion is infinitely old, so patterns of neutral genetic variation reflect a migration-selection-recombination equilibrium. This assumption gives good approximations for inversions much older than N generations. In a Coalescent patterns of inversions R. F. Guerrero et al. 431 later section, we consider inversions that have invaded more recently.
We focus on obtaining the expected coalescent time ( T , in generations) for genes sampled from two chromosomes (which may or may not have the same arrangement). Moving backwards in time, three types of events can occur. First, a gene can move from one population to the other as the result of migration (hybridization). Because selection maintains differences in karyotype frequencies between populations, migration is not conservative (i.e. the karyotype frequencies of migrants into and out of a population are not equal [38] ). Second, a gene can recombine from one genetic background to another. Genes move between standard and inverted chromosomes (in heterokaryotypes), and also between chromosomes with the same arrangement but different selected alleles (in homokaryotypes). Third, coalescence occurs if two genes shared a common ancestor in the previous generation. This event can only occur if the genes are present in the same population and are carried on the same chromosomal arrangement. In our model of locally adapted alleles, coalescence further requires that the genes share the same genetic background of selected alleles. With the exception of the case of a neutral inversion, our models produce results for arbitrary values of N. In the cases we present results for specific values of N, we do so solely for ease of presentation and comparison to empirical data.
We analysed the models using three approaches. First, we derived analytical expressions for the expected coalescence times based on the structured coalescent (reviewed in [37] , ch.5). The calculations are complicated, so we developed programs in MATHEMATICA [39] that perform the algebra. The details are given in the electronic supplementary material, appendix A, and the MATHEMATICA code is available on request from the authors. Second, we developed an independent analytical method for the case of locally adapted breakpoints. We derived the generating functions for the distribution of coalescence times (see electronic supplementary material, appendix A). Last, we developed stochastic simulations of coalescent processes. The simulations generate realizations of the coalescent process for sites linked to an inversion using algorithms similar to previous studies [40, 41] . In addition to verifying results, these simulations allow us to study the cases in which the inversion appeared recently. Simulations were implemented in Cþþ, and the code is available on request from the authors.
The rate of gene flux between standard and inverted chromosomes is lowest near the breakpoints and increases towards the midpoint of the inversion [34] . To model this effect, we simply assume that f declines linearly from a maximum at the midpoint of the inversion to 0 at the breakpoints. More complex models of gene flux [34] allow for a nonlinear decline of f. While those alternative assumptions will affect the quantitative patterns of coalescence times along the chromosome, our qualitative conclusions are insensitive to those details (see electronic supplementary material, figure S1). Recombination rates in regions flanking an inversion are also reduced in heterokaryotypes [42] , but the scale and pattern of this effect are not well characterized. For simplicity, we assume recombination is unaffected outside of the rearranged region, and include results for those regions to offer a contrast to the patterns inside of the inversion.
We now describe results for three situations. The first two are for locally adapted breakpoints and locally adapted alleles for old inversion polymorphisms. The third situation is of a selectively neutral inversion that is drifting through a single population. Neutral inversions that are still polymorphic will typically be young. We therefore end by revisiting the cases of locally adapted breakpoints and alleles when selection has established the inversion polymorphism recently, and compare those results with the case of neutral drift.
(a) Old inversions: locally adapted breakpoints In our first model, the inversion polymorphism is maintained as a result of local adaptation of the breakpoints. Arrangement S is favoured by selection in population 1. The viabilities of IS and II are (1 -hs) and (1 -s) relative to SS (set to unity). In population 2, the I arrangement is favoured with symmetric selection coefficients. Selection affects the results only through q, which we calculate numerically. Additional details are described in the electronic supplementary material, appendix A. The analytical results are impractical to show here, so we present numerical evaluations for specific parameter values.
As a general result, the effect of the inversion on T is smaller for larger values of N, q and f. Divergence between arrangements is particularly high when the product of Nqf , 1. This result is consistent with previous analytical approximations for local adaptation by Nordborg (eqn 47 in [43] ). Here, we illustrate scenarios and compare our results to existing empirical observations using a small set of plausible parameter values. Different results will be obtained using other parameter values, of course, and our methods can be adapted to study those situations.
The left half of figure 1 shows results for a large inversion of size r ¼ 10 cM when each population is of size N ¼ 10 5 . Gene flux is f ¼ 10 25 at the inversion midpoint, consistent with data from Drosophila melanogaster [44, 45] , but other estimates vary from f ¼ 10 22 to 10
28 [34] . For the case shown by the black curves, the migration (hybridization) rate is m ¼ 0.001, and the selection parameters are s ¼ 0.02 and h ¼ 0.5. At selection -migration equilibrium, the frequency of the locally rare arrangement is q ¼ 0.09. We show expected coalescence times of three types of samples: both genes are sampled from inverted chromosomes ( T II ), both from standard ( T SS ), and one from standard and the other from inverted ( T IS ). All samples are random with respect to population. The grey line shows T IS for the case where s ¼ 0.1 leaving other parameters unchanged, so that q ¼ 0.02. The results from our approaches are in good agreement (figure 1).
Basic coalescence theory for structured populations [37, 43, 46] shows that, in the absence of the inversion, T for genes sampled from the same population is 4N ¼ 4 Â 10 5 generations for the case shown, and that between populations T converges to this value as the migration increases. When the product Nm is much greater than 1, little population structure is expected [47] . In the presence of an inversion, figure 1 shows that the expected coalescence time for pairs of genes sampled from the same arrangement (from either population) is near to the neutral expectation from the structured coalescent [37] in the absence of an inversion. This is because, although the migration rate is small (m ¼ 0.001), Nm is large and the high exchange of migrants prevents the divergence between populations.
The expected amount of neutral polymorphism within each arrangement is very similar inside and outside of inverted regions when the inversions are old (figure 1). When one gene is sampled from an inverted and the other from a standard chromosome, however, T IS is substantially longer. The difference grows as we move closer to the breakpoints. Because of our simplifying assumption that the inversion is infinitely old, T IS becomes infinite at the breakpoints. Stronger selection also increases T IS by reducing q, hence reducing the opportunity for gene flux. At the centre of the inversion, for these sets of parameters T IS is several times larger than the expectation under the standard neutral model. The implication is that we expect substantially greater divergence between arrangements than diversity within arrangements near the breakpoints, even for very old inversions. Figure 2 shows the effect of migration rate on coalescence times within and between chromosomal arrangements. We quantify these effects using two statistics. The first is related to the amount of neutral diversity we expect between these two populations:
, where T T is the expected coalescence time for a pair of genes sampled from the total (combined) population and T S is for a pair sampled from the same subpopulation (see eqn 22 in [48] ). A similar statistic relates to the expected divergence in neutral genetic variation between chromosome arrangements:
, where T A is the expected coalescence time for pairs of the same arrangement sampled randomly from the total population. We varied m while leaving other parameters constant, which alters q. Varying s while leaving the other parameters unchanged has similar effects.
The fraction of diversity found between populations (F ST ) goes down as migration increases. However, high levels of population structure are obtained under much stronger migration than the expected in the absence of the inversion (Nm . 1; see [47] ), provided that the inversion reduces gene flux considerably (f , 10
23
). At low migration rates, the arrangements are close to fixation in the populations where they are beneficial, reducing the effective gene flux rate. As migration increases, diversity between populations declines due to the reduced differences in the frequencies of the arrangements. The genetic structure between chromosome arrangements is less sensitive to migration, remaining essentially unaffected for f ¼ 10
28
. This result illustrates the role of reduced gene flux in the maintenance of differences between populations and arrangements.
(b) Old inversions: locally adapted alleles Our second model considers the situation in which two loci are polymorphic, with alternative alleles at each locus adapted in the two populations (or species). Theory shows that this situation can maintain alternative chromosomal rearrangements even if the breakpoints of the inversion are themselves selectively neutral [18] .
Denote the two loci as A (with alleles A 1 and A 2 ) and B (with alleles B 1 and B 2 ). Alleles A 1 and B 1 are favoured in population 1, whereas alleles A 2 and B 2 
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are favoured in population 2. We assume symmetric selection with no dominance: in population 1, each copy of alleles A 2 and B 2 decreases fitness by s/2, whereas in population 2 alleles A 1 and B 1 have that effect. We assume that the polymorphisms at these loci are infinitely old. The inversion captured alleles A 2 and B 2 , which caused it to invade population 2. The positions of the selected loci are assumed symmetric so that the distance between the left breakpoint and locus A is equal to the distance between locus B and the right breakpoint. Adding these selected loci to the model substantially increases its complexity (see electronic supplementary material, appendix A). Consequently, we again only present numerical evaluations of our analytic expressions here. When one gene is sampled from an inverted and one from a standard chromosome, however, a dramatic difference is apparent. Locally adapted alleles produce peaks in T , a pattern consistent with classical balancing selection [49, 50] . Divergence decreases as we move away from the selected loci. The force behind this pattern is recombination in homokaryotypes, which is considerably large (Nr ¼ 10 4 ). High recombination causes the region affected by selection on loci to be small. The effect of locally adapted alleles is expected to be wider in inversions when the product of Nqr is smaller, for example, as a result of strong selection ( figure 1, grey lines) or small population size (see electronic supplementary material, figure S2 ). The implication of these potentially narrow peaks is that we may require genetic markers very tightly linked to a selected locus to detect a signature particular of this model.
(c) Young inversions: drift
To this point, we have focused on inversion polymorphisms that have been maintained by selection for long periods of time. Results from Drosophila, however, suggest that some inversions are relatively young [51] . This raises the question of how the age of the inversion affects the patterns we are describing.
We begin our study of young inversions with a null model in which a polymorphic inversion has drifted to its current frequency in a single population. (Old inversions that evolved by drift will either be fixed or lost.) This situation provides a useful null model for comparison in the following sections in which young inversions initially spread by selection. We studied this case by simulation. In a first step, a stochastic trajectory is simulated to give the frequency of the inversion from its origin at a (random) time in the past to its current frequency x 0 [52] . In a second step, the backward coalescent process conditional on this trajectory is simulated [40] . The electronic supplementary material, appendix B describes the algorithm in detail. We simulated 10 6 realizations of the process. Figure 3a shows T for a neutral inversion that is currently at a frequency of x 0 ¼ 0.5 in a population of size N ¼ 2 Â 10
5
. The average age of the inversion is T* ¼ 2.8 Â 10 5 generations, which is consistent with the expected age of a neutral allele currently at frequency 0.5 [53] . Inside the inversion, T within both arrangement types is reduced with respect to the Standard Neutral Model (SNM, shown by a dashed line). This is because only chromosomes with the same rearrangement can coalesce, and the number of chromosomes with a given arrangement is smaller than 2N.
There is also an increase in coalescence times between S and I arrangements compared with the SNM, and a marked peak at the breakpoints. Going backwards in time, if a gene is completely linked to the breakpoint of an inverted chromosome, it cannot coalesce with a gene on a standard chromosome until before the origin of the inversion. At this point, the single ancestral I chromosome mutates into an S chromosome, and can coalesce with other S chromosomes. Outside of the inversion, coalescent times converge to the SNM as we move along the chromosome away from breakpoint. This contrast between inside and outside of the rearranged segment illustrates the effect of reduced recombination.
Qualitatively, these coalescent patterns are similar to what is seen at sites linked to a weak selective sweep [54, 55] . This point will become relevant shortly when we compare these results with those for inversions established by selection.
(d) Young inversions: locally adapted breakpoints and alleles We now consider an inversion that appeared at time T* in the past and was then established by selection. For this purpose, we obtain the frequency trajectories from deterministic forward-time models. In the coalescent simulations, we follow these trajectories backwards in time to frequency 1/2N. We present the case of a very young inversion, where T* ¼ 10 4 generations and all other parameters are as for the old inversions described above. Figure 3b ,c shows T for young inversions under both models of local adaptation. The inverted arrangement has extremely reduced diversity, product of the recent selective sweep. On the other hand, there is little effect of this sweep on T IS and T SS , which remain close to the expectation given by the neutral structured coalescent. Both models have similar diversity, except again when tightly linked to the selected sites. Given our assumption of ancient polymorphism at the selected loci, T between different selected alleles is infinite.
These coalescent patterns are qualitatively similar for inversions of about T* , N generations, an age after which the values of T start to increase towards those expected for old inversions ( figure 4 ). There is a period of time (say, N , T* , 4N ) during which T II is not considerably reduced and T IS is not dramatically increased. The coalescent patterns during this period are qualitatively similar to those for a neutral inversion. The implication is that inversions of intermediate ages are expected to present patterns of neutral diversity with little evidence of selection. Nevertheless, throughout this period, levels of F AT (between 0.4 and 0.5) remain higher than those observed in drifting inversions (F AT ¼ 0.3). This difference may be a useful diagnostic for inversions of intermediate age.
DISCUSSION
Chromosomal inversions under local selection affect neutral diversity in two ways. For a period of about N generations after their origin, inversions cause decreased diversity within chromosome types. After this period, the effect of the partial sweep disappears and a second pattern emerges as the chromosome types diverge. These predictions are encouraging for the search of signatures of selection in chromosomal inversions, and they suggest that inversions may hold neutral divergence that can be detected under some conditions. Divergence between arrangements is particularly strong when m ( s and Nqf , 1. However, high divergence between chromosome types is not always expected. That is the case for inversions of intermediate age (when T* is about N generations), inversions that do not reduce gene flux considerably, and populations in which selection against migrants is not strong enough (say, when m/hs . 0.1). The patterns of divergence predicted by our models appear consistent with data from some inversion systems [24, 27] , and also offer explanations for why other systems do not show a significant departure from neutrality [32, 56] .
Reduced gene flux between chromosome arrangements is the key driver of the patterns observed. The neutral model shows that young inversions will have diversity patterns that differ from SNM expectations if they suppress gene flux. Additionally, reduced levels of f under local adaptation maintain neutral divergence between arrangements even in situations where high migration has eliminated any signal of divergence between populations elsewhere in the genome. In our models, values of Nf , 10 are necessary to obtain high T IS , a result consistent with Navarro et al. [36] . Given the estimated range of f in nature (10 22 -10 28 [34, 35, 57] ; assuming N values of about 10 4 -10 6 and m ( s) many inversionsbut not all-have the potential to harbour increased divergence between arrangements.
When an inversion polymorphism is established by selection, it is expected to show reduced diversity for a period of time of the order of N generations. Old inversions recover diversity and accumulate considerable divergence from standard chromosomes. In this continuum between recent and ancient polymorphism, there is a period during which levels of diversity within and between arrangements will be very similar to neutral expectations (between about N and 4N generations; see figure 4 ). This is a substantial period that spans the estimated ages of some inversion polymorphisms [51] . For example, some inversions in A. gambiae (0.4 -1.7 N generations old) fall in this age range, and they show little divergence between standard and inverted arrangements [33] . Here, the lack of signal does not imply that the inversions are neutral or uninvolved in divergence between populations.
Inversions maintain increased coalescence times between populations even in high levels of migration. As migration (or hybridization) increases, genetic divergence declines in regions of the genome with normal recombination. The genetic structure between chromosome arrangements can persist in these situations, however, particularly at very low values of f. For gene flux observed around the breakpoints of some inversions (e.g. f ¼ 10 28 [35] ), increased T IS remains unaffected by migration, even as the populations begin to resemble a panmictic population. High levels of migration are frequent in situations of local adaptation, and studies of polymorphic inversions have observed large values of Nm (2.2 -16) [24, 58] . Populations with this amount of gene flow will show no appreciable differentiation at neutral sites in genomic regions that are not rearranged. For this reason, it may be more informative to compare diversity between arrangements, as it allows us to detect the elevated diversity still present.
Our models predict different patterns of coalescence times and therefore neutral genetic diversity. There are, however, three hurdles that may complicate the process of distinguishing between evolutionary processes. First, the reduction of diversity within chromosome arrangements caused by the initial sweep is similar to the pattern produced by genetic drift. Relative measures of divergence (i.e. F AT ) may provide better evidence of inversions under selection, but ruling out drift may require evidence from other sources (such as stable geographical clines [1] ). Second, both models of local adaptation predict the same patterns of divergence near the breakpoints. Finding additional peaks of divergence within the inversion would suggest the presence of locally adapted alleles. Third, extremely reduced gene flux will cause increased divergence throughout the rearrangement, 'swamping' potential peaks of divergence around locally adapted alleles [59, 60] .
In essence, our models confirm the intuition that coalescent patterns in inversions behave as special cases of selective sweeps and local selection in which a large portion of the chromosome is tightly linked to the selected sites, thus hitchhiking and diverging with them. Our results are consistent with several previous theoretical results. Our model of locally adapted breakpoints yields results equivalent to Navarro et al. [36] for the patterns within populations when migration is zero and frequencies are kept constant by balancing selection (results not shown). The models are also consistent with theoretical work on balancing selection [46, 49] , selective sweeps [40, 41] , local selection [43, 59, 61] and divergence hitchhiking [56] .
Multiple interacting parameters determine the role that chromosomal inversions might play during genomic divergence [19] , and our intuition is not enough to understand the patterns produced by these complex interactions. We present these models to provide quantitative expectations for such patterns. Some empirical studies have reported little differentiation between inverted and standard arrangements [32, 33] . Our models predict that pattern when the inversion is very young or when conditions allow for high gene flux between the arrangements. Other studies have found high and uniform divergence between inverted and standard arrangements [31, 42, 62] , which is consistent with our models when there is reduced gene flux and/or multiple locally adapted loci within the inversion (as suggested in [56] ). Other data show peaks of divergence within an inverted region [24, 27, 35, 63, 64] , a pattern consistent with our locally adapted alleles model. Fine-scale scans may prove essential to distinguish between these and other hypotheses; comparisons of large sections of the rearranged chromosome [23, 65] will typically not be sufficient. High-resolution data are increasingly available [33, 63, 64, 66] , and they show trends that lend themselves for further speculation. It is not possible, however, to justify any conclusions without quantitative data analyses for which our models are only the foundation.
How will data ultimately be linked with models to give quantitative conclusions for how inversions evolve? Even biologically simple models for inversions are sufficiently complex to make standard statistical approaches infeasible. One way forward is by combining coalescent simulations with analysis techniques akin to approximate Bayesian computation (reviewed in [67, 68] ). Results from models presented here will be important for identifying which summary statistics to use in that approach. (For example, F AT is promising in some situations.) Developing expectations for other statistics that may be informative (such as linkage disequilibrium and long distance associations, e.g. [24, 27] ), and extending our models to other scenarios of interest, will require future theoretical work. 
